In the ecosystem of Serra Da Estrela, some plant species have the potential to be used as raw material for extraction of bioactive products. The goal of this work was to determine the phenolic, flavonoid, tannin and alkaloid contents of the methanolic extracts of some shrubs (Echinospartum ibericum, Pterospartum tridentatum, Juniperus communis, Ruscus aculeatus, Rubus ulmifolius, Hakea sericea, Cytisus multiflorus, Crataegus monogyna, Erica arborea and Ipomoea acuminata), and then to correlate the phenolic compounds and flavonoids with the antioxidant activity of each extract. The Folin-Ciocalteu's method was used for the determination of total phenols, and tannins were then precipitated with polyvinylpolypyrrolidone (PVPP); a colorimetric method with aluminum chloride was used for the determination of flavonoids, and a Dragendorff's reagent method was used for total alkaloid estimation. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) and β-carotene bleaching tests were used to assess the antioxidant activity of extracts. The identification of phenolic compounds present in extracts was performed using RP-HPLC. A positive linear correlation between antioxidant activity index and total phenolic content of methanolic extracts was observed. The RP-HPLC procedure showed that the most common compounds were ferulic and ellagic acids and quercetin. Most of the studied shrubs have significant antioxidant properties that are probably due to the existence of phenolic compounds in the extracts. It is noteworthy to emphasize that for Echinospartum ibericum, Hakea sericea and Ipomoea acuminata, to the best of our knowledge, no phytochemical studies have been undertaken nor their use in traditional medicine been described.
The Portuguese forest area occupies around 3.3 million hectares, which represents about 38% of the territory. The Serra Da Estrela Mountain supports a rich plant cover constituting the crown of Portugal's interior ecological network. In this ecosystem grow numerous species of trees and shrubs. Examples of shrubs that grow spontaneously in Portuguese forests in general and in this region in particular are Echinospartum ibericum Rivas Mart., Sánchez-Mata & Sancho, Pterospartum tridentatum (L.) Willk subsp. cantabricum Spach, Juniperus communis L. subsp. alpina (Suter) Celak., Ruscus aculeatus L., Rubus ulmifolius Schott, Hakea sericea Schrader, Cytisus multiflorus (L'Hér) Sweet, Crataegus monogyna Jacq., Erica arborea L., and Ipomoea acuminata (Vahl) Roemer & Schultes (I. indica Burm.).
The genus Echinospartum (Spach) Fourr. (family Fabaceae), mostly endemic to the Iberian Peninsula, is composed of both silicicolous and calcicolous taxa, growing in mountain areas usually above 1000 meters above sea level [1] . The authors are not aware of any known application of these species in folk medicine.
Pterospartum
tridentatum (Fabaceae; subfamily Papilionoideae) grows spontaneously in Portugal, where it is known as Carqueja or Carqueija. The flowers are used in traditional medicine for the treatment of throat irritation conditions and in herbal mixtures for diabetes [2] . No phytochemical, pharmacological and toxicological studies have been reported for this species, but alkaloids and isoflavonoids are characteristic secondary metabolites of Fabaceae species [2] .
Juniperus communis or common juniper is a coniferous shrub distributed throughout the Arctic and temperate zone of the northern hemisphere. Its dried bluish-black cones, known as "juniper berries", are said to stimulate the appetite and are used as a flavoring agent for culinary purposes and in the preparation of gin spirits [3] . They have also been used for various medicinal purposes, including as an abortifacient, contraceptive, diuretic, and as a remedy for urinary tract infections, chest complaints, diabetes, rheumatism and backache. More interestingly, juniper has been reported as a traditional cure for chest troubles such as bronchitis and for tuberculosis [3] .
An alcoholic infusion of the rhizomes of Ruscus aculeatus has been used for the treatment of some veinous ailments for decades [4] .
Ipomoea species accumulate high levels of anthocyanin pigments in the storage root [10] . To the best of our knowledge, no medical applications are described for this plant.
Several constituents of plant extracts have been shown to have antioxidant activity, such as ascorbic acid, tocopherol, β-carotene, flavonoids, tannins, phenolics, and anthocyanins [11] . Oxidation is essential to many organisms for the production of energy to fuel biological processes. However, reactive oxygen species (ROS) are often over-produced under pathological conditions, resulting in oxidative stress. An over-production of various forms of activated oxygen species, such as free-radical and non-free-radical species is involved in the onset of many diseases such as cancer, cardiovascular diseases, rheumatoid arthritis, and atherosclerosis, as well as in degenerative processes associated with aging [11] . In order to reduce damage to the human body, synthetic antioxidants are used in industrial processing. However, the presence of unwanted side effects is almost unavoidable, and some have been suspected of being responsible for liver damage and carcinogenesis [11] . Thus, it is essential to develop antioxidants that can protect the human body from free radicals and retard the progress of many chronic diseases.
No single chemical component is responsible for the medicinal properties of plant-based drugs, and their synergic action or bioenhancement is due to the presence of several chemical substances in the plant material.
Therefore, the determination of the total amount of different classes of components is essential for the standardization of the plants [12] .
The purpose of this work was to determine the phenolic, flavonoid, tannin and total alkaloid contents of the methanolic extracts of the species above mentioned, and then to correlate phenolic compounds and flavonoids with antioxidant activity of corresponding extracts. The Folin-Ciocalteu's method was used for the determination of total phenols, and tannins were then precipitated with polyvinylpolypyrrolidone (PVPP); a colorimetric method with aluminum chloride was used for the determination of total flavonoids, and a Dragendorff's reagent method was used for alkaloid estimation. A 2,2-diphenyl-1picrylhydrazyl (DPPH) method and a β-carotene bleaching test were used to assess the antioxidant activity of extracts. The identification of phenolic compounds present in extracts was performed using a RP-HPLC technique.
From the results presented in Table 1 it can be verified that fruits of Juniperus communis had a higher extraction yield than the other shrubs. By contrast, the extract of fruits of Hakea sericea produced the lowest extraction yield. The extraction yields obtained in the present study are very similar to those reported for some medicinal plants reported in the literature [13] .
Medicinal plants are commonly rich in phenolic compounds, such as flavonoids, phenolic acids, stilbenes, tannins, coumarins, lignans and lignins. They have multiple biological properties including antioxidant activity. The antioxidant activity of phenolic acids and flavonoids is due to their redox properties, ability to chelate metals and quenching of singlet oxygen [14] . In this sense, it is reasonable to determine the amount of phenolic compounds in the extracts of these plants.
The quantitative determination of phenolic compounds using Folin-Ciocalteu's method is a widespread assay. [15] . As can be observed in Table 2 , in general, the extracts from stems and leaves have the highest amount of phenolic compounds. The extract of stems of Crataegus monogyna is the one that had the greatest concentration of total phenols. This result is similar to those obtained by other researchers [16] . Barros et al. studied the composition and bioactivity of Crataegus monogyna and concluded that phenolics were the major antioxidant components present in this shrub [17] . Ipomoea acuminata and Ruscus aculeatus are species that are poor in these compounds. Many studies indicate that the roots of sweet potato (Ipomoea batatas) are a source of bioactive compounds [18] . In previous studies by our group, we concluded that the ethanolic extract of Cytisus spp. had more phenolics than that of the aqueous extract [19] . Methanolic extracts of the different parts of Cytisus multiflorus have significant amounts of total phenols. Pterospartum tridentatum and Erica arborea are also species rich in these compounds. Fruits of Rubus ulmifolius are the part of this shrub that has less phenolic compounds, in contrast with stems, leaves and flowers.
Other studies [20] demonstrated that this shrub had a lower concentration of phenols that the one now estimated. There are no literature data for Echinospartum ibericum and Hakea sericea phenol contents, but in this work they were shown to be rich in these compounds. Öztürk et al.
conducted an exhaustive study of several species of Turkish juniper, and concluded that Juniperus communis is rich in bioactive compounds, and that methanol is one of the best solvents for their extraction [21] . Regarding the determination of tannins (Table 2) , it can be concluded that the composition varies in the different extracts (it was not possible to observe a trend). Significant differences were also found in the tannin content among different parts of the same shrub, which is in agreement with the behavior described for tannins in plants.
Flavonoids are polyphenolic compounds that occur ubiquitously in plants and structurally have variations in one of the aromatic rings that characterize the different types, namely, flavonols, flavones, isoflavones, flavonones, flavanol and anthocyanins [14, 22] . Flavonoids could act as antioxidants because they can readily donate an electron or a hydrogen atom to a peroxyl or alkoxy radical to terminate a lipid peroxidation chain reaction or to regenerate a phenolic/flavonoid compound, which can effectively chelate a pro-oxidant transition metal [22] . The process used in quantitative methods for flavonoid determination is performed by precipitating them with aluminum chloride in an alkalinized medium. This precipitate acquires a color and, therefore, lends itself to the colorimetric assay. The flavonoids in the presence of aluminum chloride have an intense yellow fluorescence when observed under filtered UV light [23] . As can be seen in Figure 1 , extracts from flowers and fruits generally have more flavonoids than the extracts of stems and leaves of the same shrub species. However, Ipomoea acuminata had the highest flavonoids content of the tested species, especially the extract of leaves. The results obtained for the studied species are very similar to those of our previous studies for other Portuguese shrubs [19] . Andrade et al., have studied the bioactivity of Cistus ladanifer and Arbutus unedo extracts, and the flavonoids contents were very similar to those presented here [24] . In the present study, Erica arborea, Cytisus multiflorus, Rubus ulmifolius and Pterospartum tridentatum are noted for being species with large concentrations of flavonoids. There are no previous studies in the literature about Hakea sericea and Echinospartum ibericum on the characterization of flavonoids; however, large amounts of these compounds were detected in all these species. Previous research on flavonoids of various species of juniper showed that this shrub could be a source of these biologically active compounds [25] . The results now obtained showed that the leaves of this species are the richest part of the plant in these compounds. Methanol was shown to be a good solvent for flavonoids, as its high polarity favors the extraction of compounds with aromatic rings possessing hydroxyl groups.
Alkaloids are responsible for the therapeutic effect of many plant materials, but several alkaloids are toxic. Over 200 alkaloids have been identified in 300 plant species of up to 13 families. It has been estimated that up to 3% of the world's flowering plants contain toxic alkaloids [26] . The alkaloids were precipitated as BiI 3 (Alk·HI) by Dragendorff's reagent (KBiI 4 ). Bismuth forms a yellow bismuth complex {Bi[CS(NH 2 ) 3 ]}(NO 3 ) 3 in nitric acid medium with thiourea. The bismuth from the alkaloidal complex is completely released by disodium sulfide [12] .
Looking at Figure 1 it could be noted that all studied extracts have significant amounts of alkaloids. Cytisus multiflorus is the richest species in these compounds, specially the extracts of the stems. This species is known to possess alkaloids, namely spartein, with anti-arrhythmic properties [7] . The extract of leaves of Ipomoea acuminata also has a high concentration of alkaloids. By contrast, Juniperus communis is the poorest species in alkaloids. The extract of the leaves of that shrub is the one that has the smallest concentration of alkaloids.
One problem in assessing antioxidant activity is that this activity is variable and depends on the method used. It is known that an antioxidant mechanism in various biological matrices is very complex and several factors may intervene [27] . Given this complexity, only one method to determine the antioxidant activity of the extracts is not sufficient to draw relevant conclusions, and thus, we have applied two different methods and determined diverse antioxidant properties. Results for the DPPH radical scavenging assay are reported as IC 50 , values, which are defined as the amount of antioxidant required to inhibit 50% of DPPH free radicals under the experimental conditions [28] . Table 3 shows that Echinospartum ibericum, Ruscus aculeatus and Ipomoea acuminata had the poorest antioxidant activity in this assay, whereas that of stems of Crataegus monogyna had both the greatest concentration of total phenols and, simultaneously, the greatest antioxidant activity. In contrast, C. monogyna fruits had only moderate antioxidant activity. Other researchers demonstrated that the ethanolic extract of berries of C. monogyna possessed DPPH free-radical-scavenging activity [29] . All Erica arborea and Hakea sericea extracts had very strong antioxidant activity. As far as we know, no medicinal uses are described for this latter shrub and no previous phytochemical studies have been carried out on it, but it is rich in phenols with antioxidant activity. The results obtained for the parameters of antioxidant activity for the standard compounds are very similar to those determined by the same method by Faustino et al., and Scherer and Godoy [30, 31] .
The β-carotene/linoleic acid bleaching assay is one of the antioxidant assays suitable for plant samples [28, 32] . All the shrub extracts tested presented some degree of antioxidant properties when compared with the synthetic antioxidant BHT. The extracts of Echinospartum ibericum ( Figure 2 ) showed a high degree of inhibition of lipid oxidation (linoleic acid) and sequestration of radicals resulting from its possible oxidation, when compared with the extracts of Pterospartum tridentatum and Hakea sericea ( Figure 2 ).
In contrast with the results of the DPPH scavenging assay, the extracts of Echinospartum ibericum had no significant ability to sequester free radicals such as DPPH, but displayed a high degree of inhibition of lipid oxidation, which may predict a potential use as a food antioxidant. The extract of Pterospartum tridentatum flowers showed the weakest inhibition of lipid oxidation. Rubus ulmifolius (Figure 3 ) showed the highest antioxidant potential measured by this method. By contrast, Ipomoea acuminata ( Figure 3 ) had no capacity to promote inhibition of lipid oxidation. Stems of Juniperus communis (Figure 4 ) is the part of this shrub that provided higher percentages of inhibition, and the extracts of leaves and fruits presented antioxidant activity similar to that of the extract of Ruscus aculeatus (Figure 4 ).
Other studies [21] undertaken with juniper species allow us to conclude that in the β-carotene-linoleic acid assay, oxidation of linoleic acid was effectively inhibited by methanol extracts of various species of Juniperus, which is in agreement with the results now obtained. Erica arborea, Cytisus multiflorus and Crataegus monogyna were grouped in the same graph ( Figure 5 ) because they have very similar antioxidant activity. It should be noted the extract of flowers of Cytisus multiflorus ( Figure 5 ) presented percentages of inhibition slightly higher than those of the other extracts.
According to Figure 6 , there was a positive linear correlation between antioxidant activity index and total phenolic content of methanolic extracts (R 2 =0.8442).
These results indicate that the phenolic compounds could be the main contributor to the antioxidant properties of these shrubs. This result is in agreement with several previous studies [19, 33] . For example Fu et al. studied the antioxidant activity and phenolic compounds of 56 wild fruits from South China and found that the results showed a positive linear correlation between the antioxidant capacities and total phenolic content (R 2 >0.86) [33] . The same analysis was conducted for the flavonoids (Figure 6 ) and it was verified that there was no correlation (R 2 =0.0083) between these compounds and the antioxidant activity of the extracts. It is known that only flavonoids of a certain structure and particular hydroxyl position in the molecule determine the antioxidant properties; in general these properties depend on the ability to donate either hydrogen or an electron to a free radical [34] .
RP-HPLC analysis was employed to identify major phenolic compounds in the methanolic shrub extracts. Satisfactory separation with good resolution could be achieved with the method now used. Such data will be helpful to compare the antioxidant activities with the phenolic compounds of the different studied shrubs and will be also useful to understand their chemical constituents and functionality. RP-HPLC analysis is the most used method to identify plant phenolics. Because of the diversity and complexity of natural phenolic compounds in hundreds of medicinal plant extracts, it is rather difficult to characterize every compound and elucidate its structure. It is not difficult, however, to identify major categories of phenolic compounds and representative phenolics. In the present study, we identified representative phenolic compounds from selected plants. A total of nine phenolic compounds were identified and quantified in the methanolic extracts of the shrubs (Table 4) , including hydroxybenzoic acids, hydroxycinnamic acids and flavonoids. The total amount communis, Ruscus aculeatus, Hakea sericea and Ipomoea acuminata are species relatively poor in phenolic compounds. A total of 34.5% of the analyzed phenols of the extract of Rubus ulmifolius leaves correspond to ferulic acid, with a concentration of 18.5 mg/g dry matter. In the extract of fruits of the same species, chlorogenic acid is the predominant compound. Cytisus multiflorus is rich in ferulic acid and ellagic acid, especially its leaves, flowers and fruits. The extract of stems of Erica arborea presents a large amount of ferulic acid, while the extracts of flowers Table 5 shows the GPS coordinates and altitude at which the different shrubs were collected. Plant materials were dried at 35ºC in a ventilated oven during 48 h and reduced to coarse powder (< 2 mm) using a laboratory cutting mill.
Harvesting, transport and storage of plant species were authorized by Instituto da Conservação da Natureza e da Biodiversidade. All vegetal species were identified by a botanist and a voucher specimen of all species used has been deposited in the Herbarium of the Instituto Superior de Agronomia (Jardim Botânico d'Ajuda, Lisboa). Table 5 lists the full scientific name of the vegetal species and the number of the voucher specimens. using a crucible of porosity #2 then distilled under vacuum to remove the solvents to a final volume of 100 mL. Then, 5 mL of each extract was diluted in 45 mL of methanol. Aliquots (5 mL) of the extracts were removed for subsequent evaporation to dryness for the calculation of extraction yield and extract concentration.
Determination of total phenolic compounds:
The phenols were determined by Folin-Ciocalteu's colorimetric method. The methanolic solutions of each extract (50 μL) or gallic acid (standard phenolic compound) were mixed with 450 μL of distilled water, and then 2.5 mL of Folin-Ciocalteu's reagent 0.2 N (diluted with distilled water) was added. The mixtures were allowed to stand for 5 mins, and then 2 mL of aqueous Na 2 CO 3 (75 g/L) was added. After incubation of these reaction mixtures (90 mins / 30ºC), the total phenols were determined by colorimetry at 765 nm. The standard curve was prepared using 500, 400, 350, 325, 300, 250, 225, 200, 150, 125, 100 and 50 mg/L solutions of gallic acid in methanol (y=0.0009x; R 2 =0.9875). Total phenol values were expressed as gallic acid equivalents (mg GAE / g of dry mass) [36, 37] . The assays were conducted in triplicate.
Tannin content: Tannins were measured as the difference in total phenolics (measured by Folin-Ciocalteu's reagent) before and after treatment with insoluble polyvinylpolypyrrolidone (PVPP), as this polymer binds strongly to tannins [38] . About 1 mL of each methanolic extract was added to 1 mL of an aqueous solution of PVPP (70 mg/mL). After vigorous shaking, the samples remained for 15 mins at 4°C, to develop the tannin-PVPP complex [39, 40] . Then the samples were centrifuged for 10 mins at 3000 rpm; the tannins were found in the residue and the free phenols/non-adsorbed phenolics in the supernatant. Total phenols in the supernatant were determined by the Folin-Ciocalteu colorimetric method, as described above, and the concentration of tannins was calculated as the difference between the total phenols and free phenols, and is expressed in their respective units [39, 40] . These determinations were made in triplicate.
Flavonoids determination:
The aluminum chloride colorimetric method was used for flavonoids determination according to Pourmorad et al. [37] . Each methanol extract (500 μL) was separately mixed with 1.5 mL of methanol, 0.1 mL 10 % aluminum chloride, 0.1 mL of 1 M potassium acetate, and 2.8 mL of distilled water. This solution remained at room temperature for 30 mins; the absorbance of the reaction mixture was measured at 415 nm using a spectrophotometer. The calibration curve was constructed by preparing 8 quercetin solutions at concentrations ranging from 12.5 to 200 μg/mL in methanol (y=0.0074x; R 2 =0.9980). Total flavonoid values were expressed as quercetin equivalents (mg QE / g of dry mass) [36] . These determinations were made in duplicate.
Alkaloid estimation:
The alkaloid estimation was performed by a spectrophotometric method, as described by Sreevidya and Mehotra [12] . Briefly, 10 mL of each crude extract was centrifuged for 10 mins (3000 rpm) to remove residual suspended particles and then 5 mL of the supernatant was mixed with 1 mL of HCl, 0.1 N. Then, 2.5 mL of Dragendorff's reagent was added to the previous mixture, for precipitation and the precipitate was centrifuged for 5 mins (3000 rpm). This precipitate was further washed with 2.5 mL of ethanol. The filtrate was discarded and the residue was then treated with 2.5 mL of disodium sulfide solution (1%, w/v). The brownish black precipitate formed was then centrifuged (5 mins, 3000 rpm). This residue was dissolved in 2 mL of concentrated nitric acid, with warming, if necessary; this solution was diluted to 10 mL in a standard flask with distilled water and 1 mL was then pipetted out and mixed with 5 mL of thiourea solution (3%, w/v). The absorbance of this solution was measured at 435 nm against a blank containing 1 mL of concentrated nitric acid and 2.5 mL of thiourea solution (3%, w/v). The standard curve was prepared using 750, 500, 400, 250, 200, 150 and 100 mg/L solutions of pilocarpine nitrate in HCl, 0.1N (y=0.0013x-0.2750; R 2 =0.9957). Alkaloid contents were expressed as pilocarpine nitrate equivalents (mg PNE / g of dry mass) [12] . These tests were performed in duplicate.
Evaluation of antioxidant activity

DPPH scavenging assay:
The antioxidant activity of the extracts and standards was determined by the radical scavenging activity method using the 2,2-diphenyl-1picrylhydrazyl (DPPH) radical [31] . Briefly, 0.1 mL aliquots of methanolic solutions of the extracts or standards at different concentrations were added to 3.9 mL of a DPPH methanolic solution. Three DPPH solutions were tested, 0.2000, 0.1242 and 0.0800 mM that were prepared by dissolving 39.4, 24.5 and 15.8 mg in 500 mL of methanol, respectively. These concentrations were selected due to the linearity range of DPPH solutions: above 0.2 mM the concentration is very high, and below 0.5 mM the color is very weak having a limited range of absorbance reading. The control sample consisted of a solution of 0.1 mL of methanol mixed with 3.9 mL of DPPH. After a 90 mins incubation period at room temperature in the dark, the absorbance was measured at 517 nm. The radical scavenging activity was calculated as follows: I % = [(Abs 0 -Abs 1 ) / Abs 0 ] × 100, where Abs 0 was the absorbance of the control and Abs 1 was the absorbance in the presence of the test sample at different concentrations. The IC 50 was calculated graphically using a calibration curve in the linear range by plotting the extract concentration vs. the corresponding scavenging effect. The antioxidant activity was expressed as the antioxidant activity index (AAI), calculated as follows: AAI = (final concentration of DPPH in the control sample -µg.mL -1 ) / (IC 50 -µg.mL -1 ) [31] . Thus, the AAI was calculated considering the mass of DPPH and the mass of the tested sample in the reaction, resulting in a constant for each sample, independent of the concentration of DPPH and sample used. In this work, it was considered that shrub extracts showed poor antioxidant activity when AAI < 0.5, moderate antioxidant activity between 0.5 and 1.0, strong antioxidant activity between 1.0 and 2.0, and very strong when AAI > 2.0 [31] . Assays were carried out in duplicate and all DPPH solutions were prepared daily.
β-Carotene bleaching test:
After preparation of β-carotene solution (20 mg/mL in chloroform), 20 μL was added to 40 μL of linoleic acid, 400 mg of Tween 40 and 1 mL of chloroform. This mixture was then evaporated at 45ºC for 5 mins in a rotary vacuum evaporator to remove chloroform and immediately diluted with 100 mL of oxygenated distilled water. The water was added slowly to the mixture and vigorously agitated to form an emulsion. Five mL of the emulsion was transferred into test tubes containing 300 μL of extracts in methanol at different concentrations. About 5 mL of the emulsion and 300 μL of samples in methanol were used as control. Standard butylated hydroxytoluene (BHT) in methanol, at the same concentration as samples, was used as reference. The tubes were then gently shaken and placed at 50ºC in a water bath for 2 h. The absorbances of the extracts, standard and control were measured at 470 nm, using a spectrophotometer, against a blank consisting of an emulsion without β-carotene. The measurements were carried out at initial time (t=0 h) and at final time (t=2 h). The antioxidant activity was measured in terms of percentage of inhibition of β-carotene's oxidation by: % Inhibition=(Abs t=2 sample -Abs t=2 control ) / ( Abs t=0 control -Abs t=2 control ) Where Abs t=2 was the absorbance of the sample or control at final time of incubation and Abs t=0 was the absorbance in the control at initial time of incubation [19] . USB Acquisition Device to a PC computer. Software used for data acquisition and evaluation was Clarity Lite Data Apex. The separation was carried out on a 150×4.60 mm, Phenomenex Kinetex Luna 2.6µ PFP 100A reversed phase column equipped with a Phenomenex KrudKatcher Ultra HPLC In-Line Filter with 0.5 µm porosity. Standard solutions were filtered through a 0.22 μm pore membrane filter before injection and crude methanolic extracts were centrifuged and then filtered through a 0.22 μm pore membrane filter before injection. The injection volume for all samples was 50 µL. The mobile phase consisted of 2 solvents: Solvent A, water with acetic acid (pH=3) and Solvent B, acetonitrile/solvent A (6:4; v/v). The mobile phase was filtered through a 0.22 µm pore membrane filter and degasified with nitrogen. Phenolic compounds were eluted under the following conditions: 1 mL/min flow rate and the column temperature was set at 35°C, isocratic conditions from 0 to 10 mins with 0% B, linear gradient conditions from 0% to 5% B in 30 mins, from 5% to 15% B in 18 mins, from 15% to 25% B in 14 mins, from 25% to 50% B in 31 mins, from 50% to 100% B in 3 mins, followed by washing and reconditioning the column. For detection, chromatograms were monitored by ultra-violetvisible spectra (280 nm), which were recorded for all peaks. Duplicate analyses were performed for each sample. The identification of phenolic compounds was obtained by using authentic standards, while quantification was performed using the external standard method. Stock solutions of standard compounds at a concentration of 1 mg/mL each were prepared in methanol, and several dilutions with methanol were made. The solutions of standards at various concentrations (1.00, 0.75, 0.50, 0.25, 0.15 mg/mL) were injected into the HPLC system and the calibration curves were established for each standard compound. The concentration of the compound was calculated from peak area according to calibration curves. The amount of each phenolic compound was expressed as mg/g of dry mass [35, 41, 42] .
RP-HPLC analysis of phenolics:
